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SPRAY-WIND-INVERSION 
S. Elwynn Taylor 
Extension Climatologist 
Iowa State University 
Introduction 
Wind, clouds, humidity, stability--there are numerous properties of the atmosphere that 
influence effective application of agricultural chemicals. Whenever a material is dispersed in the 
atmosphere, some of it will, inevitably not reach the intended target. The responsibility of the 
applicator is to minimize drift, that is to apply at a time and in a manner that will not result in 
the movement of significant concentrations of material away from the target zone: Drift can 
result from wind carry, from high concentrations of fme mist suspended in the air, and from 
vapor drift. Drift may be hazardous to nontarget crops, to livestock, to people, or to other 
. cultural or natural aspects of the environment. Generally it is the legal responsibility of the 
applicator to insure that nontarget areas and organisms are not adversely affected by dispersed 
materials. 
Wind 
Spraying should be avoided when windy conditions prevail. An attempt to spray when air 
will move materials away from susceptible nontarget areas such as ornamentals and susceptible 
crops. Uniform, spray particle (droplet) size is important; drift control agents that increase 
viscosity and thereby control droplet size, are desirable. 
Winds may be local or general, forced or drainage. General winds result when fronts are 
in the area or when high (or low) pressure cells are in the region. As a rule, winds are stronger 
in the day; but when fronts are advancing, strong low altitude winds can persist throughout the 
night. Southerly winds tend to strengthen as a cold front approaches and then shift suddenly to 
northerly and brisk when the front passes. 
General winds seldom blow horizontally across the land. Though we often think of wind 
like a vehicle moving down a road, this is not often the case. Dust would not rise in the air, and 
blowing leaves would simply slide along the ground if there were no vertical component to the 
wind. But most general winds have significant vertical motion, called mixing, or turbulence. The 
turbulence can lift particles to a considerable height and significantly increase the time that it 
takes for the materials to settle. 
Local winds may result from a thunder storm in the area or from local heating. Valley 
winds are a common type of local wind. Generally the direction and velocity will vary with the 
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time of day, the cloud cover, and the difference between day and night temperature. Local winds 
in the area of large bodies of water often develop and are known as on-shore and off-shore 
breeze. 
Drainage winds usually form at night as a result of surface cooling. Cool air near a 
surface is more dense than warmer air a short distance above the surface. If the surface slopes, 
the dense, cool air will settle to the lower portion of a slope. This is known as cold air drainage, 
or drainage wind. Drainage winds are often responsible for fog pockets and for build-up of 
odors downhill .from swine (or other aromatic) facilities. 
Measurement of Wind - Wind speed is measured with an anemometer. Most people 
visualize the 3 or 4 cups rotating on a spindle that are typical of a weather station. There are 
numerous other devices to measure the wind. Good estimates of wind at speeds over 10 miles 
per hour can be made by observing the effects on leaves, trees and other objects. The chemical 
applicator should be aware of winds that exceed 5 mph. At 5 mph, small particles can drift 
significantly. At 10 mph, medium and large particles will also be affected. 
Measurement of low wind speeds requires special methods. One way to estimate low winds 
is by walking with the wind: A brisk walking pace is about 4 mph. With your back to the 
breeze, walk forward at a speed that matches the wind and you have an estimate of the air speed. 
Often you can tell when the air feels still around you, then you are moving at the same speed as 
the air. To check, drop some shredded tissue paper as you walk, or some dust from your hand, 
if the particles don't get ahead of you, you are going at least as fast as the air. 
If a piece of tissue, about one inch on a side, is dropped from shoulder height, it will strike 
the ground in about 3 1/4 seconds. Drop a piece or two and note where they first touch the 
ground. The horizontal distance from the point of release will be the number of feet that the air 
is moving m the 3 or so seconds that it takes for the object to strike the ground. When there is 
significant turbulence the tissue may strike the ground very quickly or even lift and stay aloft a 
considerable time, as will particles from an applicator. If the tissue pieces strike the ground at a 
distance of 20 feet the wind is about 4 mph (40ft is 8 mph, etc.). To estimate the wind by the 
distance a small piece of tissue travels, multiply the distance by 0.211 to get the mph, remember 
the tissue is about a 1 inch square and it is dropped from about 5 feet. 
Portable anemometers are available from several sources. An inexpensive hand-held 
anemometer consists of a plastic tube with a small plastic foam ball inside and a scale on the 
outside. When the tube is held so that the wind passes over the top of the device, the ball will 
rise. These anemometers are often carried by mountaineers and others where durability, 
ruggedness and low cost are factors. While this type of anemometer costs about $12.00 a more 
elaborate hand-held device can cost $120.00 or more. A computer-type read out on an 
instrument that looks like a small fan is representative of the "high end" of the hand-held general 
purpose wind measuring instruments. Portable wind instruments are sold by forestry supply 
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companies and by science catalog services such as Edmund Scientific Co. (101 E. Gloucester Pike, 
Barrington, NJ, 08007-1380). 
Not all particles fall at the same rate through the atmosphere. The small piece of tissue 
described above falls at about the same rate as medium spray and will drift about the same 
distance in the wind. Medium spray has a mean size of about 240 microns (1 micron is 1/25,000 
of an inch). While it takes the medium spray particle about 3 seconds to fall 5 feet, coarse spray 
(400 microns) will fall the distance in only one second and "fme" rain drops (1,000 microns) in 
about 1/2 second. If spray particles are very fine (20 microns), it may take many minutes to 
settle and if the spray is as fme as fog (5-10 microns) perhaps hours. Smoke particles (1 micron) 
seem to never settle. 
Inversion 
Air temperature normally decreases with altitude. When the opposite is true, an inversion 
condition exists. Inversions very near the ground often develop at night. Mid-level inversions, 
those between 100 and 2000 feet, are not uncommon. Smoke stacks are usually designed to lift 
industrial pollution above the ground level inversion and into the mixed air layer above the 
inversion layer. When the inversion begins above the top of a smoke stack, a blanket of smoke 
will often develop. The Santa Monica inversion is upper-level, beginning at about 3000 feet, and 
is a persistent feature that is responsible for the persistent air pollution concentrations in the Los 
Angeles area. From an aircraft, Los Angeles often looks as if it is covered with a dome of 
brownish air. Pollutants from the urban area do not mix with the air above the inversion level 
and become concentrated below it. 
There are several conditions that may contribute to the development of an inversion. 
Radiation is an important contributor to inversions between the ground and 300 feet. Low- to 
mid-level inversions are of concern to chemical applicators. Just as the upper level inversions 
trap particles over Los Angeles, an inversion at 200 feet may trap fme spray from a chemical 
application. The "trapped" materials may remain aloft for a considerable time and possibly drift 
for several miles before settling, impacting a hillside, or dispersing to a low concentration when 
the inversion is disrupted. 
Very low level inversions are not of concern to chemical application. Mid-level inversions 
can greatly increase the risk of fme material drift. Upper-level inversions are not likely to cause 
drift problems as there would be a sufficient volume of mixed air below the inversion to dilute 
concentrations of material that may be potentially injurious to nontarget localities. 
A radiation inversion develops when there is no significant wind and temperatures near the 
ground are colder than in the air. Clear sky conditions and low relative humidity also contribute 
to the development of a strong low level inversion. 
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All objects both radiate and absorb energy in the form of infrared radi~tion. If the 
radiated energy is greater than the absorbed, the object will cool. Clouds are very good radiators 
of energy. Under cloud cover, the ground receives sufficient radiation to prevent rapid cooling of 
the soil and the air near the soil. Under clear sky, the radiation received is minute and the soil 
surface can cool rapidly to several degrees below the temperature of the air (as measured 5 or 6 
feet above the ground). Radiation exchange is the reason that frost, and even dew, is rare on 
cloudy nights. There are other factors that influence both surface temperature and the formation 
of a low level inversion. 
Relative humidity is the percent of water in the air as compared to the amount of water 
that could be held in the air. Since air can hold less moisture at low temperatures, the relative 
humidity increases at night. When the relative humidity rises to 1000/o, the dew point has been 
reached. Overnight temperatures will not cool below the dew point under ordinary conditions as 
there is considerable heat released into the air as moisture condenses. Low humidity contributes 
to the formation of radiation inversions because the air is physically not limited in the range that 
it can cool and that dry air radiates less infrared energy than does moist air. Humidity may 
contribute to droplet size for application of agricultural chemicals since fine spray droplets may 
actually grow under high humidity or become even smaller in dry air, larger droplets are not too 
influenced by humidity unless they have a considerable distance to fall. During dry weather, it is 
not uncommon to observe rain that evaporates before reaching the ground. 
Wind disrupts the development of inversions by mixing the air. Stronger winds tend to 
become turbulent and mix the air to a point that temperature inversions are not likely. Even 
under strong inversions there may be gentle drainage winds. Cold, and accordingly heavy, air 
near the ground will drain down slope and pool in valleys and depressions. Valleys may have 
very strong inversions as a result of cold air drainage and radiation. 
Vapor Drift 
Some agricultural chemical will evaporate from crop and soil surfaces and drift to 
nontarget areas. The extent of volatilization may be temperature sensitive. Some chemicals 
specify that application should not be made when temperatures are expected to surpass a 
specified threshold. A date may be specified that sets the climatological day when risk of 
exceeding the critical temperature becomes significant historically. 
Vapor drift is not entirely dependent upon air temperature. All other factors that influence 
drift at the time of application will influence the drift of vapor. On a very windy day, it would 
be unlikely that vapor drift would be significant, regardless of temperature, since mixing may 
reduce concentrations to nonhazardous levels. 
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SLOW WIND 
.... 
_. 
FAST WIND 
Figure . Obstruction to wind flow cause irregular 
eddies along and downwind from obstructions. The degree 
of turbulence depends on the size and shape of an obstruc-
tion, the speed of the wind, and the stability of the air. 
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THE SIZES OF PARTICULATES IN IIICIONS 
'(I micron equals 1;1,000 of 1 millimeter, or 1!25.000 of an inch) 
0.001 
Table . Influence or Droplet Size on Potential Distance or Drift 
Droplet Lateral distance 
diameter Type or Time required droplets travel in 
(microns) droplet to fall 10ft falling 10 ft in a 
3 mph wind 
5 Fog 66 min. 3 miles 
20 Very fine spray 4.2 min. 1,100 feet 
100 Fine spray 10 seconds 44 feet 
240 Medium spray 6 seconds 28 feet 
400 Coarse spray 2 seconds 8.5 feet 
1,000 Fine rain I second 4.7 feet 
Sources: Herbicide Spray Drift (A-675), A. Dexter, North Dakota State Universiry Cooperative 
Extension Service and Weed Control as a Science, G. Klingman, 1961 
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Table • Influence of Nozzle Type and Spray Pressure on Droplet Size 
Volume Volume with 
Nozzle type Spray Delivery median less than 
diameter pressure Rates diameter 100 micron 
(lb/sq in) (microns) (percent) 
Flat fan 15 0.12 239 
(LF-2) 30 0.17 194 
40 0.20 178 17.5 
Flood 15 0.12 289 
(D-1) 30 0.17 210 
40 0.20 185 15.5 
Hollow cone 15 0.12 228 
(HC-12) 30 0.17 185 
40 0.20 170 19.0 
Whirl chamber 15 0.12 195 
(WRW-2) 30 0.17 158 
40 0.20 145 23.0 
Raindrop 15 0.11 506 
(RD-1) 30 0.16 358 
40 0.18 310 0.8 
Source: Delavan Manufacturing Company 
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(a) (b) I c) 
Figure Some examples of the interaction between two 
falling rain droplets. (a) The defining cylinders overlap and, in 
general, a collision will occur from which a single larger droplet 
is formed . (b) A case where a collision may not take place. 
Although the defining cylinders overlap, the inertia of the tiny 
droplet is so small that it will tend to follow the streamlines 
around the larger droplet, so avoiding contact. (c) In this case, 
for droplet Reynolds numbers in excess of about 10, the 
defining cylinders of the two droplets do not overlap, although 
they are close to touching. If the two droplets are of a similar 
size, their relative velocity (vv- v,) is small, and they mutually 
interact for a considerable period of time. A transverse force is 
created which may result in coalescence. 
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FIG. The inversion layer prevents pollutants from 
escaping into the air above it. If the inversion lowers, the 
mixing depth decreases and the pollutants are con-
centrated within a smaller volume. 
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FIG. Nighttime temperature profile over a city 
and a rural area. 
D 
Top of inversion 
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55 - 59 F 
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45 - 49 F 
40- H F 
35 - 39 F 
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30 - 31 F 
25 - 29 F 
20 - 24 F 
15 - 19 F 
10 - 14 F 
5 - 9 F 
0 - 4 F 
-10 - -1 F 
-20 - -11 F 
-30 - -21 F 
-40 - -31 F 
-100- -•H F 
Hax 
. Total 
Station AnES 8 WSW 
County BOONE 
State IA 
Id 200 
Elevation 1100.00 ft 
latitude 42:02:00 
longitude 093:4e:oo 
Parameter THax 
Record Cnt 26 
Coverage l 97 
Begin Date 11 /196~ 
End Date 12 /1989 
Bin Total Days in Period of Record for Haxi•u• Teaperature (degrees Fahrenheit) 
Jan 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
5 
16 
27 
69 
111 
64 
93 
90 
83 
63 
61 
~4 
28 
20 
0 
0 
0 
0 
111 
775 
Feb 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
3 
19 
21 
34 
50 
89 
102 
58 
52 
85 
76 
60 
27 
17 
10 
3 
0 
0 
0 
0 
102 
706 
l'lar 
0 
0 
0 
0 
0 
0 
I 
1 
9 
13 
20 
48 
60 
58 
BB 
87 
107 
103 
45 
57 
45 
23 
8 
2 
0 
0 
0 
0 
0 
0 
0 
107 
775 
Apr 
0 
0 
0 
0 
0 
1 
6 
24 
42 
60 
62 
128 
120 
114 
69 
57 
36 
22 
2 
~ 
2 
0 
0 
0 
0 
0 
0 
0 
0 
0 
128 
750 
Hay 
0 
0 
0 
0 
11 
93 
134 
135 
ISO 
107 
80 
41 
17 
4 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
150 
775 
Jun 
0 
0 
0 
0 
3 
22 
74 
182 
211 
!59 
73 
23 
3 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
211 
750 
Jul 
0 
0 
0 
0 
5 
49 
150 
250 
202 
93 
20 
6 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
58 
250 
775 
Aug 
0 
0 
0 
0 
6 
28 
98 
184 
228 
148 
66 
14 
3 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
228 
775 
Sep 
0 
0 
0 
0 
0 
3 
36 
93 
143 
133 
168 
113 
35 
16 
8 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
168 
750 
Oct 
0 
0 
0 
0 
0 
0 
2 
9 
48 
60 
92 
170 
139 
106 
76 
44 
24 
5 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
170 
775 
Nov 
0 
0 
0 
0 
0 
0 
0 
0 
0 
4 
8 
44 
68 
103 
89 
103 
117 
110 
39 
;o 
28 
11 
13 
3 
0 
0 
0 
0 
0 
0 
0 
117 
7BO 
Dec Annual 
0 0 
0 0 
0 0 
0 0 
0 15 
0 104 
0 378 
0 836 
0 1017 
0 805 
0 659 
2 658 
8 536 
14 478 
37 434 
47 420 
68 512 
152 605 
86 294 
104 350 
99 349 
83 277 
35 179 
35 128 
20 81 
6 44 
B 31 
2 2 
0 0 
0 0 
0 0 
152 250 
806 9192 
